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Concernimg GRAVITY, and its Fropertief^ 
wherein the Defcent of Heavy Bodies, and the Motion 
of Projie£l:s h briefly^ hut fully handled : Together with 
the Solution of a Problem of great Z)fe in GUN- 
NERY. fyR HALLE r. 

N'^A T U R E amidft the great variety o£ Problems where- 
with She exerciles the Wits of Philofbphical meri, 
f carce affords any one wherein the Effe£t is more vifible, and 
the Caufe more concealed than in thole of the Phcenomenn of 
Gravity. Before we can go alone, we muft learn to defend 
our lelves from the violence of its ImpuUe, by not trufting 
the Center oi Gravity of our Bodies beyond our reach ; and 
vet the Aeuteft Philolbphers, and the fubtileft Enquirers into 
the Original of this Motion, have been jR) far from fatisfying 
their Readers, that they themfchxs feem Uttle to have un- 
derftood the Conlequences of their own Hyfothefesy 

Des Cartes his Notion, I muft needs confefs to be to mc 
Incomprehenfible , while he will liave the Particles of his 
CeleHid matter , by being reflected on the Surface of the 
Earth J and fo afcending therefrom, to drive down into their 
places thofe Terreshial Bodies they find above them : This is 
as near as I can gather the fcope of the 20, 21, 22^ and 23 
Seciiom of the laft Book of his Primifia Philofophia ; yet nei- 
ther he, nor any of his Followers can fhew how a Body fuf- 
pended /> Iikro athere , fliall be carried downwards by a 
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coiitimial Impulfe tending upwards, and a£ling upon all 
its parts equally : Andbefides the obfcurity wherewith he 
expreiTes him(elfparticularly,&(5?.2 5. does uifficiently argue 
according to his own Rules, the confufed Idea he had of the 
thing he wrote. 

Others, and among them Dr. Fo0m alTerts the Caule of 
thQDefcentoi heavy Bodies to be the Dimnd rotation o^ the 
£^r/^ upon its ^jr^, without confidering, that according to 
the Dodrine of Motion fortified with Demonftration, all 
Bodies moved in Csrculo, would recede from the Center of 
their Mcftion ; whereby the contrary to Gravity w^ould fol- 
Jew, and all lodfe Bodies would be caft into the Air in a 
Tangent to the Parallel of Latitude^ without the intervention 
of Ibme other Principle to keep them fall, fuch as is that of 
Gravity. Befides the effeft or this Principle is throughout 
the whole Surface of the Glob found nearly equal, and cer- 
tain Experiment fccms to argue it rather lefs near the £^«i- 
no£iialj than towards the Poles^ which could not be by any 
means, if the Diurnal rotation of the Earth upon its Axis 
were the^ caufe of Gravity^ for where the Motion was fwift- 
eft, the EflfeO; would be moft confiderable. 

Others affign the Prejff4re of the Jtmofphere , to be the 
Cauieof this Tendency towards the Center of the Earth ; but 
unhappily they have miftaken the Caufe for the E^e^ , it 
being from undoubted Principles plain, that the Jtmo/phere 
has no other Prejfure but what it derives from its Gravity jznd 
that the Weight of the upper parts of the Air^ preffing on 
the lower parts thereof, dofbrarbend the Springs of that 
Elaftick Body, as to give it a force equal to the Weight that 
CompreiTed it, having of it felf no force at all: And fuppo- 
fing it had, it will be very hard to explain the Modm^ how 
that Prejfure fhould occafion the De/cent of a Body circum- 
fcribedby it, and preifed equally above and below, without 
fbme other force to draw, or thruft it downwards. But to 
demonftrate the contrary of this Opinion, an Experiment was 
Jong fince iliewn before the Royal Society . whereby itap- 
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peared that the Jmofphere was lb far from being tlie 
Ccixxko^ Gravity, that the EiFe£ts thereof were much more 
Vigorous where th^jpreffure of the Atmofphere was taken off; 
for a long GUfs-Receiver having a hght Down-feather inclu- 
ded, being evamated of Air^ the Feather which in the Air 
would hardly fink, did in ^acna defcend with nearly the 
fame Velocity as if it had been a Stone, 

Some think to Illuftrate this D^/^r^/^ of H^avy Bodies y by 
comparing it with the Vertue of the L(?^^V/c?;^(? ; but fetting 
afide the difference there is in the manner of their Attract- 
onsj the LoadHone drawing only in and about its Poles^ and 
tl^ Earth near equally in ail parts of its 6>r/4^^, this Com- 
pariibn avails no more than to explain ignotum fer afu 
ignotum, 

Otiiers affign a certain Sympathetic xl attraviion between th« 
Earth and its Farts^ whereby they have, as it were, a defire 
to be united, to be the Caufe we enquire after : But this i$ 
lb far from explaining the Modus ^ that it is little more; than 
to tell us in other terms, that hem;y bodies defcendy becaufc 
they defcend. 

This I lay, not that I can pretend to ftibftitute any Stfk- 
tion of this Important Philofophical Prohiemy that lliall rriore 
happily explicate the Appearances oi Gravity y only it maybe 
lerviceable to thole with whom the Credit of great Authors 
fways much, and who too-readily alTent in verba magiftri, 
to let them fee that their Books are not always mfallibie : 
Befides the detection of Errors is the firft and lurefl: ftep to- 
wards the dileovery of Truth. 

Tho' the Efficient Caufe o^ Gravity be lb oblcure, yet the 
final Caule thereof is clear enough ; for it is by this lingle 
Pr/;?^i?//^ that the E^r^^and all the Celejitial Bodies ai:e kept 
from d^jjoktion : the leaft of their Particles not being fuffered 
to recede fai fi-om their SmfaceSy without being immediately 
brought down again by vertue of this Natural tendency.^ 
which for their Frefcrvation, the Infinite Wilciom of their 
Creator iras Oi dained to be towards each of their Centers ; 
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nor can the GM^^ of the Su^ and PUn^ts otherwife be de- 
ftroyed, but by taking from them this power of keeping 
their parts united. 

The AflFeftions or Properties of Gravity ^ and its manner 
of afliing uponBodks faHmgy have been in a great meafure 
dilcovered, and moft of them made out by Mathematical de- 
fnonfiration in xk)i^OMX Century ^ by the accurate diligence of 
GaliUpps^ Torricellimj Hugem^y and others, and now lately 
by our worthy Country-man Mr. "Jfaac Newton, ( who has 
an incomparable Treatife of Motion almoft ready for the 
Prefs^ which Properties it may be very material here to 
enumerate, that they may ferve tor a Foundation to all thofe 
that fiiall be willing to j^end their Thoughts in fearch of 
the true Caufe of this defcent oi Bodies. 

The firfl: Property is. That by this principle of Gravita-^ 
tioHy all Bodies do delcend towards a Point, which either 
is, ©r elfe is very near to the Center of Magnitude of the 
Earth and Sea^ about which the Sea forms it felf exadiv into 

V 

a Sfherical fur f ace ^ and the Prominences of the Land^ confi- 
dering the Balk of the whole, differ but inienfibly there- 
from. 

Secondly J That this Point or Center of Gravitation^ is fixt 
within tne Earthy or at leaft has been fb, ever fince we have 
any Authentick Hiftory : For a Conlequence of its Change^ 
tho' never fb little, would be the over-flowing of the low 
Lands on that fide of the Globe towards which it approached, 
and the leaving new Iflands bare on the oppofite fide, from 
which it receded ; Lrt for this Two thcuiand years it ap- 
pears, that the low liiands of tlie Mediterranean ?>ea ( near 
to which the ancienteft Writers lived ) have continued much 
at the fame height above the Water, as they now are found ; 
and no Inundations or Reccjfes of the* S^^ arguing any fiich 
Change, are Recorded in Hiftory ; excepting the Vniverfal 
Deluge J wnich can no better way be accounted for, than hj 
fuppofmg this Center of Gravitation removed for a time, to- 
wards the middle of the then inhabited parts of the World; 
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and a change of its place^ but the two theufandth part of the 
Radimoix^'^^sGlohej were fufficient to bury the Tops of the 
higheft Hills under water. 

Thirdly, That in all parts of the Surface of the Earth, or 
rather in all Points equidiftant from its Center, the force of 
Gravity is nearly equal j fb that the length of t lie FenMim 
vibrating/^^^^Wi of time, is found in all parts of the World to 
be very near the fame. ^Tis true at S. Helena m the Latitude 
of 1 6 Degrees iSb/^^/ij I found that the P^W^Z/i;:^ of my Clock 
which vibrated feconds^ needed to be made ihorter than it 
had been in E;:g/^W by a very fenfible fpace^ ( but which at 
that time I negleded to obferve accurately ) before it would 
keep time; and fince the like Obiervations has been made 
by the Fr^^^^ 0^r^'^ri' near the E^'i^/^c^^i^/ : Yet I dare not 
affirm that in mine it proceeded from any other Caufe, than 
the great height of my place of Obfervation above the 6W- 
face of the Sea^ whereby the Gravity being diminiflied V the 
length of the Pendulum vibrating feconds, is proportionably 
fhortned. 

Fourthly y That Gr/^^7/7 does ^^*^"^^ty affefl: all Bodies, with- 
out regard either to their matter, bulk, or fgure :, lb that tlie 
Impediment of the Medium being removed^ the moft com- 
paftand moft loofe, the gireateftand fmalefl: Bodies would 
defcend the fame^^.-^j in equal times ; the truth whereof 
will appear from the Experiment I bcford cited. In thcfe 
two laft particulars , is fliewn the great difference between 
Gravity d^ndMagnetifmy the one affeSting only Iron^ and that 
towards its Poles^ the other all Bodies aUke in every part. As 
a Corollary ; from hence it will follow^ that there is no fuch 
thing zsfofitive levity , thofe things that appear light, being 
only comparatively lb ; and whereas feveral things rife and 
fwim m fluids^ 'tis becaufc bulk for bulk^ they are not lo 
heavy as tlioie j^jk^/^j- ; nor is there any reafbn why Corkj for 
inftance, fliould be faid to be light becaufe it fwims on Wa- 
ter;, any more than Iron becaufe it fwims on Mercury. 

Fifthly J That this power encreafes as you defcend, and 
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d^creafes as you afcend from the Center, and that in the pro- 
portion of the Squares of the dlfla^ces thcrofvom reciprocally^ fb 
as at a double diftance to have but a quarter of the force ; this 
property is the principle on which Mr.NetPto^ has made out 
dX\t\\t Vhsmm:na of the Calefiial Motions^ ib eafiiy and natu- 
rally that its truth is part difpute. Befides that, it is highly 
rational, that the attractive or gravitating power fliould ex- 
ert it felf more vigiroufly in a fmall Sphere, and weaker in a 
greater, in proportion as it is contracted or expanded, and if 
lb, feeing that t\\Q fur faces o^ Spheres are as tlie Squares of their 
Radii ^ this power at feveral diftances will be as the Squares 
of thofe diftance s Reciprocally ^ and then its whole adion upon 
each Spherical Surface j be it great or fmall will be alwaics e- 
qual. And this is evi(j!ently the rule oi Gravitation towards the 
Ce;?ters o^ the Sun, Jupiter^ Saturn and the Earthy and thence 
is reafbnably inferred, to be the general principle obferved by 
Nature^ in all the reft of the Celefiid Bodies. 

Theft are the principal affedions of Gravity y from which 
the rules ofthe/^/Zof ii^^!/W, and tliQ motion o^Proje5fs are 
Mathamaticdly deducible. Mr. Ifaac Newton has fhewed how 
to define the fpaces of the defcent of a Body, let fall from any 
given highth, down to the Center. Suppofing the Gravitation 
to increaft,^ as m the fifth Property ; but confidering the 
fmalnels ofhight, to which any Pr^jV^/f can be made afcend, 
and over how little an Arch of the GMe it can be caft by any 
of our Engines J we may well enough fuppofe the Gravity e- 
qual throughout, and the defcents of PropHs m parralcl 
lines, which in truth are towards the Center ^ the difference 
being fb fmall as by no means to be difcovered in Bradtice. 
The Oppofition of the Air^ 'tis true, is confiderable againft all 
light bodies moving tli rough it, as likewift againft fm.all ones 
f of which more hereafter) but in great and ponderous Shot, 
this Impediment is found by Experience but very frnall, and 
mav fafelv be neglected, 
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Proportions concerning the Defcent of heavy Bodies ^, 

and the Motion (jf Projeds. 

Prop A. The Velocities o^ falling Bodies^ are proportionate 
to the times from the beginning oi their falls. 

This follows, for that the action o^ Gravity being continud^ 
in every {pace of time, the faUing Body receives a vitsv im- 
pulfe, equal to what it had before, in the fame (pace of time, 
received from the fame power : For inftance, in the firil: fe- 
cond of time, the falling Body has acquired a Velocity^ which 
in that time would carry it to a certain diftance, fuppole 1 2 
foot, and were there no new force, would deicend a t that 
rate with an equable Motion ; but in the next iecond of time, 
the fame power of Gravit/ continually afting thereon, fu- 
peradds a new Velofty equal to the former ; fb that at the end 
of two feconds, the Velecity is double to what it was at the 
end of the firft, and after the fame manner may it be proved 
to be triple, at the end of the third fecond, and fo on. Where- 
fore the Velccittes oi falling Bodies^ are proportionate to the 
times oitlxciv falls J Q^E. D. 

Prop. II. The Spaces defcribed by the fll of a Body, are 
as the Sf pares of the times, from the beginning of the FalL 

Dimonfiration. Let A B (F/^.i. Tabs.) reprefent the time 
of the fall of a. Body, B C perpendicular to A B theVelofity ac- 
quired at the end of the fall, and draw the line A C, then di- 
vide the Une A B repreienting the time into as many equal 
parts as you pleafe, as b, b, b, b, &c. and through thefe 
points draw the lines be, be, be, be, he. parallel to B C, 'tis 
manifeftthat the feveral Hues, bc,reprerent the feveral Felcci" 
ties of the falling Body, in fuch parts of the time as A b is of 
A B, by the former propofition. It is evident likewife that 
the Area A B C is the fum of all the lines be being taken, ac- 
cording to the method of JndiviftbUsy infinitely many ; fo that 

the 
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the Area ABC rcprefents the fum of all the VeiocitieSyhQtWQQn 
none and ^C fuppofed infinitely many ; which fum is the 
(pace defended in the time reprefented by A B, And by the 
fame reafbn the Jrcds A be, will reprefent the fpaces defcend- 
ed in the times A b ; fb then the Ipaces deieended in the times 
ABy Aby are as the Jreas of the Triangles A B Q A b q which 
by the 20 th of the 6 oVEmlid are as the Squares of their Ho: 
mologous ftdes ABy A b, that is to fay^ oi the Times: where- 
fore the defcents oifallmg Bodies, are as the Squares of the times 
of their /^//, Q^ E. D. 

Prop. lit. The (Velocity which a falling Body acquires in a- 
ny Ipace of time, is double 1*0 that, wherewith it would 
have moved tlie ipace.defcended by an equable motion^ in the 
fame time. 

Demonfirationy Draw the line E C parallel to A B and. A E 
parallel to B C in the fime fig. i. and compleatthe Parallelo- 
gram ABC E, it is evident that the Area thereof may repre- 
fent the Ipace^ a Body moved equably with the Velocity B C;^ 
would delcribe in the time A B^ and the Triangle ABC repre« 
ftnts the ff ace defcribed by the fall of a Body^ m the fame time 
A B^ by the fecond propofition. Now tlie Triangle A B C is 
half of the Parallelogram ABC E^ and coniequently the fpace 
delc:ribed by the f ally is half what would have been defcribed 
by an equable Motion witli the Velocity B C^in the fame time ; 
wherefore the Velocity B C at the enli of the f ally is double to 
that Velocity y w^hich in the time A B, w^ould have defcribed 
the ff ace falleny reprefented by the Triangle ABC, with an 
equable Mot ion j Q^ E. D. 

Prop. IV. All Bodies on or near the furface of the Eartl;, m 
theiv f ally dekend iby as at the end of the firft fecond of time, 
they have defcribed 1 6 icet one inch London Mzafurey and ac- 
quire d the Velocttj of ? 2f€et two inches in a fecond. 

Th. is is made out from the 2 5th propofition of the fecond 
part o f tliat Excelieot Treatice; of Mr. Hugenius de Horologio 
Ofctll;Uorw ; wlierein he demonftrates the time of the leaffc 
Vivrations afd^Pendukm^ be to the time ot the fall of d. Body, 

from 



from the height of half the length of the fenMum^ as the 
Circumference of a Circle to its Diameter ; whence as a Corol-- 
Ury it follows, that as the Square of the Diameter to the 
Sfure oi tht Circtmferemej fb half the length of the. F^;^- 
ddum vibrating /^^f?;^^j, to thtjpace deicribed by the fall of a 
Iwdj^in 2.feco^d oi time : and the length of the Pendulum vl-' 
brating^r(p^^i, being found 59,i2 55orT Inches, the defcenp'm 
d.feco^dw')!ii be found by the aforefaid Analogy 1 6 Foot and one 
Inch;> and by the third Propolicion , the Velocity will be 
double thereto ; and near to this it hath been found by fe- 
veral Eo^ferimentSy which by reafbnof the frviftnef of thk fall, 
cannot fb exadly determine its quantity . The Denionlira- 
tion ofHugenim being the Conclufion of a long train of Con^ 
fequences. I £hall for brevity fake omit ; and refer you to his 
Book, where thefe things are more amply treated of. 

From thele four Propoftio^s, all Queftions concerning the 
PerfendicularfallofbodiesyZm c^filf folvedy and either TV;^^^ 
HeightyOvFelocity being ^ffignQd^ one may readily find the 
other two. From them likewife is the Doftrine of Projects 
deducible, alfuming the two following Axioms ; viz. That a 
body fet a moving, will move on continually in a right Ime 
with an equable motion^unkis fbme other force or impediment 
intervene, whereby it is accelerated , or retarded, or de- 
fleded. 

Secondly yThztB, Body being JSLgmted by two motfom at a 
time, does by their compounded forces pais through the fame 
points, as it would do, were the two motions divided and ^dL-- 
eAfuccefJively. As for inftance, Suppofe a body moved in the 
Line GF, ('F/^.2,rAi.)fromG to R, and there flopping, 
by another impulfe luppofe it moved in zf^ace ohime equal to 
the former, from R towards K, to V. I fay, the body fhall 
pals through the point V, tho' thefe xs^ofrueral forces^ a6ted 
both in the yi?^^ time. 

Prop. V. The Motion oi^W Prt^eBs is in the Curve of a Pa^ 
rabolai Letthe/zWGRF f inj^.2jbethe//>;?rin whichthe 

Projeii is dircded, and in which by the firfl Aociom it would 
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move equal j^.f^^^ in equal times^ were it not defleded down- 
waiiis by the force oiGravitj. Let G B be the Horiz^mtd 
line^ and G C a Perpendmdar thereto. Then the Ime G R F 

(paces ( 
lines p. 
rallel to GQ proportioned as thtff tares of the //#fj GS^ GR. 
GL, GF, or as th.Q fqmres of the /■/V/^^^fj', from S to T, from R to 
V, from L to X, and from F to B, and draw the Imes TH^ 
VD, XY, BC parallel to GF; I % the Points T,V, X^B, are 
Points in the CVrw defcribed by the ProjeB^ and that that 
Curve is a Parabola. By the fecond Axiom they are Points in 
the Curve ; and the parts of tlie defcem GH^ GD;, GY^ GQ= 
to ST, RV^ LXj FB, being as the fquares oitht times (uy the 
fecond Prof.) that is, as the fqmres of the Ordinatesj HT, I>\]^ 
YX^ BCj equal to GS^ GRj GL, GF, th.Q Jpaces meafured in 
thofe times ; and there being no other Curve but tlwParahla^ 
whole parts of the Diameter are as the fy^ares of the Ordi^ 
nates y it follows that the Curve defcribed by a Project^ can 
be no other than a Parabola : And faying, as RIJ the defcent 
in any timcj to GR or UD the direci motion m the fame tiry^^ 
fbis UD^ to a third proportional; that third will be the 
line called by all Writers oiConicks^ the Parameter of the P^- 
raholato the Diameter GQ which is alwaies the fime in Pre?- 
;Vi5?i" caft with the fame Velocity : And the Velocity being de 




Lemma, 



lilwSine of the double of any ^rer^, is equal to twice the 
&>^ oi that ^n-l? into its O^/^^^fj divided' by P^i/^ ; and the 
Verfedfme of the dodle of any Arch is equal to the fq^tiAre of 
the Sine thereof divided by Radim. 

Let the Jr^/I BC (mfig.'^.) be double the ^re:^ BF^ and A 
the Cemer ; draw the Radu AB, AF, AC, and the Chord 

BDQ 
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BDQ and let fall BE perpendicular to AC^ and the Angk 
'EEC J will be equal to the Angle ABD, and the Triangle BCE^ 
will be like to tlie Trimgk BDA ; wherefore it will be as 
ABto ADjfoSC or twice BD ; to BE^ that is as Radim to 
Co-fmiy 9j twice Sine^ to Sim of the double Jrch. And as AB 
to BDj fb twice BD or BC5 to EC5 that is as RaiifM 10 Sine^ 
fb twice that Si^e to the '/er fed-fine of the double Arch) which 
two Amlogies relblved into Equatwnsy zxq the Propof$Hons 
contained in the Lemma to be proved. 

Prof. VL The Hortzmud diftances of ProjeBions made 
with the fame Velocity.^ ax liveral Elevations of the Line of 
direction^ are as the Sims of the doubled Angles of Elevation* 

Let GB {fg.2.) the Horizontal diftance be— ^^ the fine 
of the Angle b£ Elevation^FGB^ he=:sy its Co-fine ^=c, Ra- 
dim =:ry and the Parameter ^. It will be as c tos\ fb ^ to 

=::FB==:GC5 and by reaibn of the Pardola-^-^^^to the 
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p^Mre of CB^ or GF,. Now as c to r^ fo is z tO£j^= GF, and 

c 

its fquare •- will be therefore=to^^— ^: which Equation re- 

c c c 
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duced, will be ^" — ^=:z. But by the former Lemma is 

equal to the Sine of the double Angle ^ whereof s is the Sine : 
wherefore 'twil be as Ikadim to Sine of double the Angle FGB, 
fb is half the Parameter^ to the Horizontal rang or diBance 
fought ; and at the feveral Elevations j the ranges are as tlic 
fnes of the double Angle sdi Elevation ^E.D. 

Corollary. 

Hence it follows, that Imlf the Parameter is the greateft 
Brandon, and that that happens at the Elevation of 45 de- 
grees, the [me of whofe double is Kadim^ Likewife that 
the R^/?^^j equally diftant above and below 45 are equal^ c^^ 
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are thcZ/^^fi* of all doubled Jrcks^ to thcfi^es of their doubled 
ComfLements. 

Prop. VIL The JltUudes of ProjeB-iom made with the 
lame Velocity ^ at feverai Elevations^ are as che uerfed fines of 

the doubled Angles of Elevation : As ^ is to j* :: fb is ^-^ 

rr 

:r=GB to^-^=BF, and UK=:RU= BF, the Altitude of the 
rr — 

4 ^ 

Projection :=:^ — ^Now by the foregoing Lemma =rto the 

verfedfine of the double Angle^ and therefore it will be as R^- 
dim^ to verfed fme of double the Angle FGB, fb an ^th of Para- 
meters to the height of the Projection VK; and i^o theft heights 
at leveral Elevations arc as the faid verfed fines^ ^E. D. 

Corollary. 

From hence it is plain,that the gm^Lt^^ Altitude of the per- 
pendicular Projection is a ^th of Parameter ^ox lialf the greateft 
Horizontal Rang ; the verfed fme of i8o degrees being := 2 n 

Pre?/. VIII. The Z.^*;^^ i* GF, or times of the flight of a Pro- 
je5l caft with the fame degree of velocity at different Eleva- 
tions^ are as thtfines of the Elevations. 

As CIS tor :: fb is ^-^ — GB by the 6 Prop, to^— GF, 

that is as 'Kadim to fine of Elevation^ ^0 the Parameter to the 
//>^ GF ; lb the //^e*/ GF are as the///^i of Elevrtion^ and the 
Times are proporcional to thole Lines \ wherefore the 

fiaving the Diilance and Altitude 5 or Defcent of an Oajeclj 
through v/liich the Project paiTes^ together with the Angle 
oi Elevation of the line of Dire^ion; to iind the Parameter and 
Velocity y that is (in Fig. 2. ) having the Angle FGB, GM, 
and MX. 

Solution. As 'Kadim to Secant of FGB^ fb GM the diflance 

given 
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given,to GL; and as R4^//^ to Tangent ofFGB, fb GM to 

LM. Then LM— MX in height Sy or + MX mdef cents ; or 
elfeMX— ML, lithtMre^iion be below the H.nz.ontd4ine, 
is thQ fall in the time that the dired impulfe given in G would 
have carried the Proje^ from G to L=LX=::GY ; then by 
reaibn of the i^^r j^^/4 ; asLXor GY^istoGL or YX, :: fo 
is GL to the P^r^^^^/^r fought. To find the Velocity of the 
Impdfe, by Prop,2.k^y find the time in feconds tlmt 3. iwdv 
would fall limjpace LX, and by that dividing the //>/f GL, 
the ^ote will be the Felocity^ ov Jpace moved in a fecond 
fought, which is alwaies a mem proportional between the Pa- 
rameter and t6 feet i inch. 

Prof. X. Problem 2. Having the Parameter^ Horizontal di- 
ftance, and height or defcent of an Ohje£tj to find the Eleva- 
tions of the line oi direction neccfTary to hit the given Oh]ect ; 
that is, having GM^ MX, and the greateft 'Kandon equal to 
half the Parameter ; to find the Jngles FGB. 

Let the Tangent of the Jngle fought be =:ty the Horizontal 
i//^;^r^ GM=:^, the Altitude of the 0l^jec7MX=hy the Pa- 
rameter=^p^ and Radim=:ry and it will be, 

As r to ty 10 b to — =:ML and }- /; j^ defcents" '^^^ 

p t i^ 4^/ h ^=: GL ^^ad. =X Y quad, ratione ParahoU ; but 
r 

h ^I|l" =GL qiud. 47* I. Euclid. Wherefore, 

^—~Tplf=hUX^ ■ which Equation tranfpoled, is 

iltl -Iltr p h~b h, divided by b b is 

r r r ^ 

— :II:^^"l||— J. this Equation lliev/s the Queftion to 
ry tr b b -t ti 

r %^ 

.1I±^~ I from which I derive the following Rule. 
4 ^^ 



have two AnfwerS;, and the Roots thereof are -- '^rz^y + 
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Divide half the Parameter by the Horiz:ontaI diftance, and 
keep the Qupte ; vm. -^ then fay, as fqmre of the difiame 

given to the half Parameter 5 lb half Parameter ^ double 

height . ^ p^ ppX-Apk 

defcent <^^ ^^^ /^^^^^^^ ^ ^^^^^^= 4^ ' " ^ ^^ 

tht Tangent anfwering to that 6'^r^;?/^, will be 'V yy 

or r r : fb then the fum and difference of the afore-found 
^wte, and this Tangent will be the Roots of the Equation^ 
^nd the Tangents of the Elevations fought. 

Note here, that in Defcents, if the Tangent exceed the 
Quote ^ as it does when/^ is more than % the direBion of the 
lower EtevMion will be below the Horizon, and if ^if=M, it 
muft be direded Horizontal, and the Tangent of the upper 

Elevation will be-2j-^:Notelikewi%thatif 4^^4"4^^ 

or 4 ^^—4/^ in defcent s, be equal to/?/, there is but one £/fi;^- 

* P r 
tion that can hit the Ohjecly and its Tangent is ^^ and if 

4M-f 4/^ in afcentspv 4^h—6^fh in defcent s^^o exceed //^the 01- 
jf^ is w ithout the reach of a Project caft with that Velocity ^ 
and fb the thing impoffible. 

From this Equation 4 hb -^ /^ph=pf are determined the ut- 
moft limits of the reach of any Proje^, and the Figure allign- 
edj wherein are all the heights upon each Horizontal dijlance 
beyond which it cannot pafs ; lor by reduftion of that £- 

quatidn^ h will be found =: 4/ m height Sy and -— ^'/in 

defcent s \ fi om whence it follows, that all the Points /; arc in 
the Curve of the Parabola , wliofe Focus is the Point from 
whence the Proje^ is caft, and whole Latm refhmy or Para 
meter ad Jxem is=/. Likewife from the fame Equation may 
th^l^zikPararfieter or Velocity be found capable to reach the 

-Oirjea 
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Ol?je^ propofed; for hb—-Aff^fh being reduced ^p 

will be=y ^i' ^hh ^h J^ jef^eiits '^^^^^^ ^^ ^^^^ Hmz^oatd 

rang at 45 degrees, that would juft re -icli the Object ^ and the 
Elevation requifite will be eafily had ; for dividing the la 
found ^emi-farameter by the Horizontal dijlance given b^ the 
Quote into Radius will be the Tangent of the Elevation fought. 
This Rule may be of good ufe to all Bombardiers and Gmmersj 
not only that they may ufe no more Powder than is neceiBi- 
ry, to caft their Bombs into the place affigned, but that they 
may fhoot with much more certainty, for that a Fmall Error 
committed in the Elevation of the Piece j will produce no Icn- 
fible difference in the fall of the Shot : For which Reafons the 
French Engineers in their late Sieges have ufed Morter-pieces 
inclined conftantly to the Elevation of 455proportioning their 
Charge of Powder according to the diiianceof the O^jV^? they 
intend to ftrike on the Horizon. 

And this is all that need to be faid concerning this Pro- 
blem j of Shooting upon higks ?ind defcents. But if 3. Geome- 
trical conftru8:ion thereof be required ; I think I have one, 
that is as eafy as any can be expected, which I ^^duce^from 

the forgoing Analytical ^ohtion^ viz. —=^7^ ^ tlELl^pLL'^ 

and tis this. Having made the right J^gle L D A, Tab.i. 
fg. 4. make DA, D F = /, or greateft Rang, D G = ^ 
the Horizontal diltance, and'DB DC=r^, the Perpendicu- 
lar bight of the Object ; and draw G B, and make DE=: 
thereto. Then with the Radius A C and center E fweep an 
Arch, which ifthe thing be poffible, will Inter fed the line 
A D in H ; and the line D H being laid both waies from F 
will give the points K andL, to which draw the lines G L, 
G K ; I fay the Angles LGD, KGD are the Elevations re- 
quired for hitting the OhjeB B. But note that if B be below the 
Horizon, its defcent D C— D B muft be laid from A, fb as to 
have AC = to AD 4-D C. Note likewife, that if in def 
cents P H be greater than F D, and fo K fall below D the 

J/igk 
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Angle KGD fliall be the depreflion hdom^t Horition : Now 
this Conftruftion fb naturally follows from the Efutiony that 
I fliall need fay no more about it. 

Prop. XI. To determine the force or Velocity of a Projecl^ 
in every point of the Curve it defcribes. 

To do this we need no otliGr pr^cogmUy but only the third 
Propofition, Viz. that the Velocity oi fulling Bodies, is double 
to that which in the fame time, would have defcribed the 
ip^cc fallen by an equable motion : For the Velocity of b. Pro- 
jcQt, is compounded of the conftant tqual Velocity of the im- 
preffed motion, and the Velocity of tht fall, under a given Jn- 
gle, viz. the complement ©f the Elevation : For inllance, in 
Fig. 2, in the time wherein a proje£t would move from G to 
L, it defcends from L to X, and by the third Propofition has 
acquired a Velocity, which in that time would have carried it 
by an equable motion from L to Z or twice the dclcent L X; 
and drawing the line G Z, I fay the Velocity in the point X, 
compounded of the Velocities G L and L Z under the Angle 
G L Zj is to the Velocity impreft in the point G, as G Z is to 
G L ; this follows from our lecond Axiomey and by the 20 
and 21. Prop, lih.iy conic. Midorgii^ XO parallel and equal to G 
Z fliair touch the Paralola in the point X. So that the Veloci- 
ties in the feveral points, are as the lengths of the Tangents to 
the Parabola in thofe points, intercepted between any two 
Diameters : And thefe again are as the Secants of the Angle Sj 
which thofe Tangents continued make with the Horizontal 
line G B. From what is here laid down, may the compa- 
rative force of a /^(?^^ in any two points of the Curve ^ be ei-- 
ther Geometrically or Arithmetically difcovered. 

Corollary. 

From hence it follows, that the force of a Shot is alwaies 
leaft at U, or the V^r/^^r of the P^r^^^/^, and that at equal 
diftances therefrom, as at T and X, G and B its force is al- 
waies equal, and that the leaft force in Uis to thatin G and 

B, as 
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ion relatiritir 

to FrojeBsy wiiicli by the help of them may not eafily be 
Solved ; and tho' it oe true that moil: of them are to be met 
witlial, iViGdiletis^Torrkellm and others, who have taken 
them from tnoie Autiurs, yet their Books being Forreign, 
and not eafy to come by, and tiietr D'tnonfirMions long and 
difficult, I tliought II not amifs to give the whole DoCirim 
here in tinglifby witi luch (lion: Andymd Proof of my own^ 
as might be iiifficicat to evince their Truth. 

fae Tenth Proi^oftwn contzinQsz PrJlem^ untouch't by 
Tonkellmsy whicii is oi the grcateft ule in Gumery^ and for 
the fake of which this Difcour/e was pnncipally intended ; Ir 
was firft Solved bv Mr. A^derfonj in iiis Book of the Genuine 
life and etfetls or the Gunny Printed in the Year 167 4 ; but 
his Solution required lb much Calculation, that it pat me 
upon fearch, wnetl er it might not be done more eafily, and 
thereupon in the Year 1678 I found out the rule I now pub* 
lilTi, and from it the i eometricd Conftrudion : Since which 
time there ha^ a large TreAttfe of this Subjeft Entituled, Vart 
dejetf tries Bcmhes^ been Publifihed in France by Monfieur Blon- 
dely wherein he gives the Solutions of this Problem by MeJJje-- 
urs Bout^ Romer and de UHire ; But none of them being the 
lame with mine, or in my Opinion more eafy, and moft of 
them more Operofe, and belides mine finding the Hr^^f^s?/, 
which generally determine*; tiie Angle better than its Sine^ I 
thought my felf obliged to Print it for the ufe of all fuch, as 
defire to be informed in tiie Mathematical part, oi the Art of 
Gunnery. 

Now thefe rules were rigidly true, were it not, as I fa id 
before, for the Oppofition of the Medium, whereby not only 
the dire£t; imprelt Motion is continually retarded, by like- 
wife the increafe of the Velocity of the fall^ lb that the fpaces 
delcribed thereby, are not exa8:ly as the Iquares of the times : 
But what this Oppofition ofthe^/> is, againit feveral Vch- 
citieSyBdksy ^n^S Wek/ijt^y isnot Ibealy to determine. Tis 
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certain that the weight of J/>^ to that o? Water y is nearly as i 
to 8 GO, whence the weight thereof, to that of any Project is 
given; tis very Hkely, that to the izm^Fehcity, znd Mag^ 
nitide, but of different matter, thtOpj^ofmon fhoaldbe rea-^ 
frccdlj ar> the weights of the fhott; as Hkewife that to fliott 
of the fame Velo:tty and matter, but of diftbrent Sizes, it 
ihouid b? as the Diameters reciprccally : whence generally tlie 
Oppfuion to fliott with the fame Velocity^ but of differing Di- 
ameters , ^Liid Materials, fliould be as their Specif{:k Gravities 
Kito their Diameters reciprocally ; but whether the O^pofition^ 
to differing t;^A?a>w of the fame fliott, be as the <S'^/^^r^/ of 
thofe Velocities^ or as the I/V^aY/Vj themfelves, or otherwife, 
is yet a harder Queftion. However it be, tis certain, that 
m large Shott of M'//^/, wliofe weight many Thoufand times 
SurpalFes that of the Aivy and whofe force is very great, ia 
proportion to the Surface wherewith they prefs thereon j this 
Opposition is fcarce difcern;able : For by feveral Experiments 
made with all Care and Circumfpe£tion with a Morterpeice 
Extraordinary well fixt to the fi^r/^ on purpofe^ which car- 
ried a Solid Brals Shott of ^i Inches Diameter, and of about 
14 Pound weight, the Ranges above and below 45 Degrees 
were found nearly equal; if there were any difference, the 
under Ranges went rather the fartheft-, but thofe differences 
uxre ufually left than the Errours committed in ordinary 
Practice J by the unequal Goodnefs and Drynefs of the fame 
(brtofP^W^r, by the Unfitnefs of the <S7^{?// to the Bore^ and 
by the Loofhefs of the Carriage. 

In a Smaller Brafs-Shott of about an Inch and hdf Diameter, 
cafl by a Crofs-Boiv which ranged it, at moil about 400 footj 
the Force being much more Equal than in the Morterpeice^ 
this difference was found more Curioufly, and Conftantly 
and moft Evidently, the under Ranges out went the upper* 
From which Trials I conclude, thataltho' in finall and light 
Shott , the Oppofttion of the Air^ ought and muft be accounted 
for ; yet in Shooting of Great and Weighty Bombs^ there need 
be very little or no allowance made ; and fb thefe Rf^ksmzy 

be 



be put mPraciice to all Intents and Purpoics^ as if this Jmft^ 
diment were ablblutel? Removed. 



An Account of an Exp^rim'^nt (hewn before the Royal 
Society^ ofdhooth.ghy the KarefaSiion of the Air: 
B)? Dr. D. Papin^ K.S S. 

WHereas ordinary Wind-Guns do their Effefl by the 
Comprefiian of the Air. Ottho Ghericke hath found a 
new Sort that jTioots by Rarefadion ; and he hath Pubhiht 
that device at large, in his Book about Yneummck EsferimentSy 
but he doth not exprels how ftrong was the EffeQ:. I have 
therefore had theCuriofity to try it my felf by another Con- 
trivance, which I take to be better than his : Fir ft, becaufe I 
can make a RarefaSion much more perfc8: than he could 
do. Secondly, becaufe his Device could not be ufed but for 
Guns of a fmall bore J but ray way maybe apply M to the 
biggeft bore that can be made by Workmen : So that one 
might by this means throw up vaft Weights to a great 
diltance* 

A A is a Pipe very equal from one end to the other. 

B B a finall Pipe foderM to a Hole near the end of the 
Pipe A A, and apply'd to the Plate of the Pneamatick En- 
gine. 

CCCC fbmekind of Scoolto bear up the hinder part of 
the Pipe A A. 

D. a peice of Lead fitted to the bore of the pipe A A. 

The pipe A A is tobefhut at both ends by F^/x^^i" out- 
wardly apply M,, and fb the find pipe A A, though never lo 
big^ may be cKhaufted of Air by means of the Pneumatick 
Engine \ Which done, the Vd if towards D muit be iudde.- 
lyoponM, fo thac the whole pi eflhre of the Armoffhere a£t- 
iiig upon the Lead D may drive it along the pipe A A with 
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